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Purpose: Previous work has established that malalignment im-
pacts the magnitude and distribution of femorotibial cartilage loss
in OA. The relationship between malalignment and cartilage loss
in the patella has, however, not been established.
Here we investigate the regional pattern and magnitude of patel-
lar cartilage loss in a community-recruited cohort of participants
with mild to moderate femorotibial OA. Speciﬁcally we study the
impact of valgus and varus malalignment on the regional carti-
lage loss in the medial, central and lateral aspect of the patella.
Methods: 180 persons from the community with clinical and
radiographic (KLG 2 or 3) OA (age 66±11y, BMI 30.2±6.1, 76%
women) were studied. Knee alignment was measured from full
limb X-rays: 77 subjects had neutral alignment, 58 had varus
(> +2° deviation) and 45 had valgus malalignment (< -2°). Axial
1.5 mm FLASHwe MR images were acquired at 1.5 and 3.0
Tesla at baseline and 26.2 ± 5.4 months later. Segmentation of
the patellar subchondral bone area (tAB) and cartilage surface
areas (AC) was performed with blinding readers to the order
of acquisition. All segmentations were quality controlled by one
expert. Computation of the cartilage volume (VC) and cartilage
thickness over the entire tAB (ThCtAB) was ﬁrst performed for
the total patellar cartilage plate. A regional algorithm was then
applied to automatically divide the patellar cartilage into 2 re-
gions along the main patellar ridge (medial and lateral facet,
respectively), and alternatively into 3 regions (central, medial,
lateral), using proprietary software (Chondrometrics GmbH, Ain-
ring, Germany). For each of the region the mean change (MC)
in patellar cartilage thickness was determined in % (per annum),
the SRM (standardized response mean = MC/SD of the change),
and the signiﬁcance of the change (paired t-test).
Results: The annual patellar cartilage volume loss was 1.8 ±
3.1% (SRM = -0.55; p < 0.0001) and the reduction in ThCtAB
was 1.8 ± 3.0% (SRM = -0.60; p < 0.0001). The cartilage loss
was similar in participants with valgus and varus malalignment
and tended to be lower than in persons with neutral alignment
(Table 1).
When dividing the patellar into 2 subregions (see Fig. 1), no
signiﬁcant difference (paired t-test) of progression in the medial
(-1.8 ± 3.6%) and lateral (-1.6 ± 3.6%) facet were observed.
When dividing it into 3 subregions, however, the progression in
the central aspect of the patella (-2.0 ± 4.1%) tended to be
higher than in the medial aspect (-1.6 ± 3.8%, difference not
statistically signiﬁcant), and it was signiﬁcantly (p < 0.05) higher
than in the lateral aspect of the patella (-1.5 ± 4.1%). There was
no obvious impact of malalignment on the regional pattern of
patellar cartilage loss (Table 1).
Abstract 303 – Table 1. Mean patellar cartilage loss (MC) in % and SRM per year in neutral, valgus and varus knees
Neutral (n=77) Valgus (n=45) Varus (n=58)
MC (%) SRM MC (%) SRM MC (%) SRM
Total patella VC -2.1% -0.56 -1.5% -0.48 -1.5% -0.61
Total patella ThCtAB -2.4% -0.66 -1.5% -0.55 -1.4% -0.55
Medial patella (2 regions) -2.5% -0.58 -1.4% -0.48 -1.3% -0.42
Lateral patella (2 regions) -1.7% -0.42 -1.4% -0.39 -1.4% -0.48
Central patella (3 regions) -2.5% -0.49 -1.7% -0.43 -1.6% -0.55
Medial patella (3 regions) -2.2% -0.48 -1.2% -0.34 -1.2% -0.33
Lateral patella (3 regions) -1.8% -0.39 -1.1% -0.28 -1.3% -0.36
Figure 1
Conclusions: Patellar cartilage loss occurred at a rate of about
1.8% per annum in subjects with mild to moderate femorotibial
OA. The cartilage loss was observed to be somewhat higher in
the central compared with the medial and lateral aspect of the
patellar cartilage. The regional pattern of cartilage loss did not
appear to be inﬂuenced by varus and valgus malignment of the
knee.
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Purpose: The aim of the study was to use high-resolution MRI
to evaluate the relationship between trabecular bone changes
and articular cartilage degeneration in distal femur and proximal
tibia of OA knee at 3T.
Methods: Sixteen healthy controls and sixteen patients with
mild OA were studied using 3T MRI (GE Signa scanner) and
8 channel phased-array knee coil. Axial 3D GRAPPA-based
Fiesta-c images were acquired in order to quantify the trabec-
ular bone structure. Six different compartments were deﬁned
for bone analysis: femur (F), lateral and medial femoral condyle
(LFC, MFC), tibia (T) and lateral and medial tibia (LT, MT).
Trabecular structure was evaluated by computing the following
parameters: apparent bone fraction - app. BV/TV, apparent tra-
becular number - app. Tb.N [1/mm], apparent trabecular spacing
- app. Tb.Sp [mm] and apparent trabecular thickness - app. Tb.Th
[mm]. For cartilage analysis, sagittal images were acquired: 3D
high-resolution SPGR sequence, 3D T1rho mapping based on
spin-lock technique (time of spin-lock (TSL) = 0/10/40/80 ms,
spin-lock frequency = 500 Hz), and 3D T2 mapping acquired
with four TE = 4.1/14.5/25/45.9 ms. Four compartments were
deﬁned for cartilage analysis: medial and lateral femoral condyle
(MFC, LFC) and medial and lateral tibia (MT, LT). High-resolution
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Abstract 304 – Figure 1. Apparent trabecular bone parameters (BV/TV, Tb.N, Tb.S, and Tb.Th) in the four compartments for mild OA patients (yellow) compared with
control subjects (blue). *P<0.05.
SPGR images were segmented in order to calculate the cartilage
thickness and volume; the volume was then normalized with the
epicondylar distance in each subject. T1rho (ms) and T2 (ms)
values were extracted after registration on segmented SPGR
images. Reproducibility of bone parameters measurements was
assessed on 4 healthy controls based on 2 repeated scans. Stu-
dent’s tests and Spearman’s rank correlations were performed
for statistical analysis.
Results: Good measurement reproducibility was assessed for
bone parameters, speciﬁcally, the CVs ranging from 1.8% for
app. Tb.N to 5.5% for app. Tb.Sp. Signiﬁcant differences between
control and OA groups were found for app. BV/TV and app. Tb.Sp
in all compartments (Figure 1). Signiﬁcantly increased values in
T1rho, T2 and cartilage thickness were demonstrated in OA
patients compared with controls at the femur (LFC and MFC),
but not at the tibia. T1rho was negatively correlated with app.
BV/TV, app. Tb.N and app. Tb.Sp both in MFC and LT, while
T2 was only correlated in LT. Also, MT T1rho was negatively
correlated with app. BV/TV (r’= -0.49, P<0.05) and app. Tb.N
(r’= -0.42, P<0.05) from the opposite side of LFC. However, for
T2 this correlation was not observed.
Conclusions: Trabecular bone parameters were assessed with
good reproducibility using parallel imaging at 3T. At this early
stage of OA, an overall decrease in bone structure parameters
and an overall increase in cartilage parameters (T1rho, T2, thick-
ness) were found in patients. Signiﬁcant negative correlations
were found between trabecular bone and cartilage matrix param-
eters suggesting that the loss of the trabecular bone structure is
directly proportional to the increasing values of T1rho and T2. By
reﬂecting early changes in cartilage biochemistry, these cartilage
matrix parameters may indicate also early changes in trabecular
bone structure.
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Purpose: The role of subchondral bone changes in osteoarthritis
has become a recent area of focus in OA research. Research
is limited because no current imaging tool quantiﬁes the 3D
distribution of subchondral thickness and density. Our objectives
were 1) to develop a 3D-imaging technique for mapping both
subchondral thickness and density directly at the joint surface
and 2) to illustrate its ability to distinguish subchondral bone
properties in OA and normal cadaveric knees.
Methods: We developed a novel imaging tool: CT-TMoBD (com-
puted tomography topographic mapping of bone density), which
employs a surface projection imaging method to map both 3D
subchondral thickness and density at the joint surface. This
imaging technique computes the average bone density to de-
ﬁned depths from the subchondral bone surface, and projects
results to a 2D topographic thickness/density map (Figure 1).
Eight intact cadaver knees from ﬁve donors (4M:1F; age: 69±12)
were CT scanned (Toshiba Aquilion 64, 0.5mm isotropic voxel)
and a bone density reference phantom (Mindways) was used to
convert CT intensity to an equivalent volumetric bone mineral
density (BMD). The proximal tibia was manually segmented us-
ing Analyze 6.0 (Mayo Foundation). 3D boundary points outlining
the peripheral and inner regions of each plateau were manually
selected within Analyze, and a best-ﬁt plane was matched to the
boundary points (Matlab 2007a). Tibial plateaus were realigned
relative to the best-ﬁt planes. Surface projections of the average
BMD to normalized depths of 2.5mm and 5.0mm were mapped
to 2D images of the joint surface (depths normalized according
to proximal tibial volume). Regional analyses were performed
on each surface map: (1) Total BMD, (2) Plateau BMD, (3) An-
terior/Central/Posterior compartment BMD, and (4) BMD of a
10mm diameter “core” which searched each plateau for a max
value. Each bone was assessed for OA by a surgeon using
ﬂuoroscopic radiographic evidence of osteophytes and sclerosis
via Kellgren-Lawrence (KL) scoring and visual examination of the
CT images.
Results: We identiﬁed OA in three compartments of two knees
using radiography and standard CT. CT images showed that
knee OA1 was in valgus alignment and showed osteophytes and
sclerosis in the lateral compartment, while medially osteophytes
were evident though sclerosis was not. Knee OA2 was in varus
alignment and showed medial sclerosis and osteophyte pres-
ence. KL scoring identiﬁed OA only in knee OA1 (KL grade 3). In
the valgus aligned specimen (OA1), lateral plateau BMD (5mm
depth) was 31% higher than medial plateau BMD, in contrast
with normals, where medial and lateral BMD were similar (Table
1, Figure 1). The peak core in this knee was found in the lateral
